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Many enveloped viruses hijack the cellular ESCRT machinery to catalyze their escape from host cells.
One paper in a recent issue of Cell by Kostelansky et al. and another in this issue of Cell Host &
Microbe by Morita et al. shed new light on the structure and function of ESCRT-I. Both papers focus
on a fourth ESCRT-I component that shapes ESCRT-I into an elongated structure and affects HIV-1
morphogenesis.ESCRT complexes have been impli-
cated in the downregulation of plasma
membrane receptors and their sorting
into the multivesicular body (MVB)
pathway, which ultimately results in
the degradation of transmembrane
proteins in the lysosome or vacuole.
ESCRT complexes 0, I, and II bind
ubiquitylated protein cargo and, to-
gether with ESCRT-III, catalyze its
sorting into vesicles that bud into the
endosomal lumen (Katzmann et al.,
2002; Williams and Urbe, 2007). Part
or all of this machinery is hijacked by
many enveloped viruses, including
HIV-1, and promotes the escape of
nascent progeny virions from the host
cell. HIV-1 uses a PTAP motif in its
so-called late assembly domain to
recruit the mammalian ESCRT-I com-
ponent TSG101, which plays a critical
role during virus release (Morita and
Sundquist, 2004). ESCRT-I was ini-
tially described in yeast as a heterotri-
meric complex composed of Vps23p
(TSG101), Vps28p, and Vps37p (Katz-
mann et al., 2002), whose core assem-
bles into a six helical bundle structure,
each member contributing one helical
hairpin (Kostelansky et al., 2006; Teo
et al., 2006). Additional modules,
such as the UEV domain of Vps23p/
TSG101 and the C-terminal domain
of Vps28p, serve as adaptors and are
flexibly linked to the heterotrimeric
core (Williams and Urbe, 2007).
Several groups have recently de-
scribed a fourth interaction partner
of ESCRT-I in yeast, Mvb12p, andproposed different functional avenues.
In one study, Mvb12p has been sug-
gested to regulate ESCRT-I/ESCRT-II
interactions by stabilizing an inactive
oligomeric state of ESCRT-I in the
cytosol (Chu et al., 2006). However,
others have reported that Mvb12p
neither results in ESCRT-I oligomeriza-
tion nor affects the interaction with
ESCRT-II in vitro (Gill et al., 2007). It
has also been proposed that Mvb12p
regulates the interaction of ESCRT-I
with cargo and the release of ESCRT-I
from theMVB (Curtiss et al., 2007;Oes-
treich et al., 2007). Nevertheless, the
knockout phenotype of Mvb12p in
yeast is not as severe as that of the
other ESCRT-I members.
Kostelansky et al. (2007) have now
determined the structure of a core
heterotetrameric ESCRT-I complex
from yeast, which includes Vps23p
(residues 215–385) without the UEV
domain, the N-terminal region of
Vps28p (1–118), most of Vps37p
(residues 22–213) lacking a small N-
terminal basic domain, and Mvb12p
(residues 4–81). Yeast ESCRT-I forms
a complex with a 1:1:1:1 stoichiometry
both in solution and in the crystal.
The structure reveals a globular do-
main composed of the core heterotri-
meric ESCRT-I complex (Kostelansky
et al., 2006; Teo et al., 2006; Williams
and Urbe, 2007), which attaches to
an extended stalk formed by helical
segments from Vps23p, Vps37p, and
Mvb12p. Mvb12p contains a short
N-terminal helix that interacts withCell Host & Mthe globular core, followed by a long
extended conformation and a C-termi-
nal helix that stabilizes the stalk by
forming a triple-stranded coiled coil
together with Vps23p and Vps37p. Its
mode of interaction with ESCRT-I sug-
gests that Mvp12p is indeed an inte-
gral part of the ESCRT-I complex,
since it greatly stabilizes the long stalk,
whose structure in the absence of
Mvb12p is not known. The long stalk
acts as a spacer and places the
Vps23 UEV and Vps28-CTD adaptor
domains flexibly tethered at the oppo-
site ends, spaced by 18 nm (Koste-
lansky et al., 2007). Not surprisingly,
the stalk is required for cargo sorting.
Interestingly, some unresolved issues
arose from structure-based mutagen-
esis analyses; one Mvb12p mutation
clearly affected its assembly into the
heterotetramer complex without
changing ESCRT-I membrane associ-
ation and CPY sorting, while a Vps37p
mutation in the stalk did not affect het-
erotetramer complex formation, but
still induced significant missorting of
the MVB cargos CPY, Ste3 and Sna3,
hinting at additional yet unknown stalk
interactions.
Although at first sight yeast Mvb12p
did not seem to have a mammalian
counterpart, Morita and colleagues
have now identified metazoan ortho-
logs of Mvb12p by proteomics analy-
ses (Morita et al., 2007). They find two
forms, MVB12A and B, which are
both substantially larger than Mvp12p
and exhibit no apparent sequenceicrobe 2, July 2007 ª2007 Elsevier Inc. 1
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MVB12A and B participate in the
formation of the mammalian ESCRT-I
complex, which shows the same
1:1:1:1 stoichiometry as the yeast
complex.Consistentwith the structural
data from yeast ESCRT-I, human
MVB12A interacts through its con-
served C terminus with a binary
complex composed of TSG101 and
VPS37. However, human ESCRT-I is
more complicated than its yeast coun-
terpart, because the existence of dif-
ferent paralogs of VPS37 and MVB12
allows the assembly of eight different
forms of ESCRT-I, which may play dis-
tinct or overlapping roles in sorting
(Morita et al., 2007).
ESCRT-I is transiently recruited to
endosomal membranes and subse-
quently releasedby theATPaseVps4p.
In the absence of active Vps4p, yeast
ESCRT-I becomes entrapped on en-
larged endosomal structures called
class E compartments (Katzmann
et al., 2002; Williams and Urbe, 2007).
Contrary to the proposal by Emr
and coworkers who suggested that
Mvb12p-containing yeast ESCRT-I
complexes are mainly cytosolic (Chu
et al., 2006), mammalian ESCRT-I con-
taining MVB12A is trapped in the class
E compartment in the presence of
dominant-negative VPS4 (Morita et al.,
2007). An unresolved question is why
yeast ESCRT-I lacking Mvb12p is also
trapped in the class E compartment
(Curtiss et al., 2007), which may imply
two different kinds of ESCRT-I com-
plexes present on endosomal mem-2 Cell Host & Microbe 2, July 2007 ª200branes: with and without Mvb12p/
MVB12. Structural rearrangements
could play a role, since small differ-
ences exist between the heterotrimeric
and the heterotetrameric yeast com-
plexes. The main difference involves
Vps28p, even though Vps28p is other-
wise not involved in the interactionwith
Mvb12p. Nevertheless, its helix 3 is
repositioned and helix 4 is disordered
in the Mvb12p-containing ESCRT-I
complex (Kostelansky et al., 2007).
Thus, Mvb12p may not only play a
structural role in generating the
ESCRT-I stalk but could also have
a regulatory function, a view that is
strongly supported by the differential
phosphorylation states of MVB12 that
regulate HIV-1 morphogenesis (Morita
et al., 2007).
How does ESCRT-I function, be-
sides recruiting ubiquitylated cargo
and engaging other ESCRT com-
plexes that act upstream or down-
stream? The elaborate elongated
structure surely suggests that form fol-
lows function andhints at amechanical
role of the stalk; additional glimpses
are provided by the role of MVB12 in
HIV-1 budding. Notably, in contrast
to the dramatic phenotype induced
by the depletion of TSG101, viral
particle production was unaffected if
MVB12 was depleted from virus-
producing cells (Morita et al., 2007).
This implies that ESCRT-I devoid of
MVB12 still functions in virus release.
However, cells depleted of MVB12
produced an increased frequency of
amorphous virions with electron-7 Elsevier Inc.dense interiors, perhaps because of
the misincorporation of cellular pro-
teins. Although we do not yet fully
understand how ESCRT-I works,
both papers lead us further down the
road to comprehend its role in protein
sorting, vesicle formation, and HIV-1
budding.
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